A B S T R A C T Reflex vascular responses to acute left ventricular outflow obstruction were studied in anesthetized dogs. The studies were done to compare the effects of activation of ventricular baroreceptors on vascular resistance in skeletal muscle (gracilis muscle) and skin (hindpaw); to identify afferent and efferent pathways which mediate the reflex vasodilatation; and to assess the relative contribution of ventricular baroreceptors and baroreceptors in left atrium and pulmonary vessels in responses to left ventricular outflow obstruction. The gracilis artery and the cranial tibial artery to the paw were perfused separately at constant flow. Changes in perfusion pressure to each bed reflected changes in vascular resistance. Outflow obstruction was produced by inflating a balloon in the left ventricular outflow tract for 15 s while pressures in the left ventricle and aortic arch were measured.
effects of activation of ventricular baroreceptors on vascular resistance in skeletal muscle (gracilis muscle) and skin (hindpaw); to identify afferent and efferent pathways which mediate the reflex vasodilatation; and to assess the relative contribution of ventricular baroreceptors and baroreceptors in left atrium and pulmonary vessels in responses to left ventricular outflow obstruction. The gracilis artery and the cranial tibial artery to the paw were perfused separately at constant flow. Changes in perfusion pressure to each bed reflected changes in vascular resistance. Outflow obstruction was produced by inflating a balloon in the left ventricular outflow tract for 15 s while pressures in the left ventricle and aortic arch were measured.
Inflation of the balloon increased left ventricular pressure and decreased pressure in the aortic arch. Low and high levels of obstruction produced dilator responses averaging -543 (SE) and -42411 mm Hg in muscle and -14-1 and -3±i2 mm Hg in paw.
Denervation, phentolamine, and glyceryltrinitrate caused greater dilatation in paw than did left ventricular outflow obstruction. This indicates that dilator responses in the paw were not limited by a low level of resting neurogenic constrictor tone or by a negligible dilator capacity of these vessels.
INTRODUCTION Left ventricular distention in dogs produces reflex hvpotension and vasodilatation (1-3).
In the preceding study, we demonstrated that reflex forearm vasoconstrictor responses to leg exercise are reversed in patients with aortic stenosis and a history of syncope. We suggested that this reversal results from increases in left ventricular stretch and activation of ventricular baroreceptors (4) .
The present experiments in dogs were done to explore further the mechanism by which left ventricular outflow obstruction might promote vasodilatation.
We assessed the relative contribution of ventricular baroreceptors and of low pressure baroreceptors in atria
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Since some reflex stimuli produce different effects on vessels in skin and skeletal muscle (5-6),we compared effects of left ventricular outflow obstruction on vascular resistance in the gracilis muscle and in the hindpaw, which has a predominantly cutaneous vascular bed.
Studies also were performed to identify the efferent components of the sympathetic nervous system which are involved in reflex vasodilaattion during left ventricular outflow obstruction. We wanted to determine if the vasodilatation results from withdrawal of adrenergic constrictor tone or from activation of sympathetic cholinergic or histaminergic dilator pathways (7) (8) (9) We measured responses to two levels of left ventricular outflow obstruction in muscle and paw in six dogs. The low level of obstruction was produced by rapidly inflating the balloon with 7.5-10.0 ml of air for 15 s. The high level was produced by inflating with 15.0-20.0 ml.
In 11 experiments, we compared dilator responses in paw during ventricular outflow obstruction with dilator responses caused by denervation (n = 5), phentolamine (2.5 mg intraarterial (i.a.); n = 4) and glyceryltrinitrate (6,g i.a.; n = 10). These comparisons were made to determine if dilatation in the paw during outflow obstruction was limited either by a low level of adrenergic constrictor tone or by the dilator capacity of vessels in the paw.
The relative contribution of left ventricular baroreceptors and low pressure baroreceptors in the left atrium or pulmonary vessels was studied in four experiments by comparing responses to left ventricular outflow and inflow obstruction. Inflow obstruction was produced by inserting a flexible balloon catheter into the left atrium and inflating the balloon at the mitral valve to increase left atrial pressure. Decreases in arterial pressure, which promote reflex vasoconstriction by activating carotid sinus reflexes, were greater during outflow than inflow obstruction. In order to minimize effects of the difference in the arterial pressure response on the comparison of the vascular responses to outflow and inflow obstruction, the carotid sinuses were denervated before these interventions.
Responses to outflow obstruction were obtained before and after bilateral cervical vagotomy in three experiments, and before and after cutting the obturator and sciatic nerves to muscle and paw, respectively, in three experiments. These experiments were done to demonstrate that the responses were neurogenically mediated and to identify afferent and efferent pathways.
We then performed experiments to identify the efferent component of the sympathetic nervous system which mediated the vasodilatation. In four studies responses to outflow obstruction were obtained before and after administration of the alpha receptor blocking agent, phentolamine (2.5 mg i.a.), which was given to release adrenergic constrictor tone. Phenylephrine (4 
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LVOO FIGURE 6 Responses to left ventricular outflow obstruction (LVOO) before and after atropine. The delay in the onset of the reflex vasodilator response in the muscle compared to skin was not a consistent finding.
Effects of carotid sinus denervation. Sectioning the carotid sinus nerves reduced (P < 0.05) vasoconstrictor and vasopressor responses to carotid occulsion ( Fig. 7) and tended to augment vasodilator responses to outflow obstruction in muscle, but not in paw (Fig. 7) .
The vasodilator responses in the muscle were greater after carotid sinus denervation in each of the four dogs, and averaged -25+9 mm Hg before and -56±22 mm Hg after carotid sinus denervation (P > 0.05). Increases in left ventricular pressure with outflow obstruction were less after denervation averaging 109±414 before and 90±12 mm Hg after denervation (Fig. 7) . Reflex Vascular Responses to Left Ventricular Outflow) Obstruction tion and activation of ventricular baroreceptors occurs predominately in skeletal muscle. Vasodilatation in the paw, which has a predominately cutaneous vascular bed, is minimal. We considered the possibility that the dilator response in the paw was limited either by a low level of resting neurogenic constrictor tone of cutaneous vessels or by a negligible dilator capacity of these vessels. These possibilities seem unlikely since denervation to release neurogenic tone, phentolamine to release adrenergic constrictor tone, and glyceryltrinitrate to test the dilator capacity of these vessels, all produced dilator responses which were greater than responses to left ventricular outflow obstruction. The earlier observation that another reflex stimulus, activation of arterial chemoreceptors, produces reflex vasodilatation in the paw (5) provides additional evidence that the dilator response in the paw was not limited by failure of these vessels to dilate in response to neurogenic stimuli. These observations suggest that the difference in the magnitude of the dilator response in muscle and skin during activation of ventricular baroreceptors may result from greater withdrawal of sympathetic nerve traffic to skeletal muscle. This appears to occur also with activation of carotid sinus baroreceptors since carotid sinus nerve stimulation causes greater dilatation in muscle than skin (11) . The peak vasodilator response occurred later in muscle than in paw. It is difficult to draw conclusions about the relative timing of the reflex response to outflow obstruction in the two beds from this observation since the magnitude of the response was less in paw than in muscle. The peak reflex vasoconstrictor response to carotid occlusion also occurred later in muscle than in paw in these studies, but this response was also greater in muscle. It is difficult from these experiments to identify the threshold for the increases in left ventricular pressure which are required to produce reflex vasodilatation. Since the carotid sinuses were intact in most of these experiments, the change in vascular resistance during outflow obstruction represents the net effect of vasodilatation resulting from increases in left ventricular pressure and vasoconstriction resulting from decreases in systemic arterial pressure. Therefore, attempts to determine the magnitude of increases in left ventricular pressure which are required to cause reflex vasodilatation from this study would probably overestimate the threshold. Striking vasodilatation usually occurred only during increases in left ventricular pressure of more than 50 mm Hg, but definite vasodilatation was seen in four experiments with increases of left ventricular pressure of 15-40 mm Hg despite a fall in arterial pressure which would be expected to produce reflex vasoconstriction.
DISCUSSION
In the preceding study, we demonstrated that forearm vasoconstrictor responses to leg exercise are inhibited or reversed in patients with aortic stenosis (4) and suggested that this results from activation of ventricular baroreceptors. Since reflex forearm vasoconstriction during leg exercise occurs largely in skeletal muscle (12) , the results of the present study are consistent with the suggestion that reflexes arising in ventricular baroreceptors could inhibit or reverse the constriction. Baroreceptors in atria and pulmonary vessels participate in the regulation of vascular tone (13) (14) . Since left atrial pressure increased during left ventricular outflow obstruction, we had to evaluate the contribution of reflexes arising in atrial or pulmonary vascular baroreceptors. Inflation of a balloon at the mitral valve produced increases in left atrial pressure which were comparable to those resulting from outflow obstruction, but failed to produce vasodilatation. Decreases in arterial pressure, which promote reflex vasoconstriction by activating carotid sinus reflexes, were greater during outflow than inflow obstruction. The effect of this difference in arterial pressure response on comparisons of vascular responses to outflow and inflow obstruction was minimized by denervating the carotid sinuses before the interventions. In addition, it should be noted that even with intact carotid sinus reflexes, the greater decreases in arterial pressure during outflow obstruction would promote vasoconstriction and reduce, not augment, the vasodilator response. Therefore, the greater vasodilator responses during outflow obstruction cannot be explained by the changes in arterial pressure. The results of these experiments suggest that reflex vasodilatation during left ventricular outflow obstruction resulted from activation of left ventricular baroreceptors and not from low pressure baroreceptors in atria or pulmonary vessels. These results are consistent with the finding in the preceding study that forearm vasoconstrictor responses to leg exercise are inhibited in patients with aortic stenosis, but not in patients with mitral stenosis (4).
Responses to left ventricular distension cannot be attributed to myocardial ischemia since coronary artery occlusion produces reflex vasodilatation in paw and vasoconstriction in muscle (6) 
